Three mainstays of the medical treatment of patients with traumatic brain injury (TBI) are to control raised intracranial pressure (ICP) and to maintain cerebral perfusion pressure (CPP) and cerebral oxygenation within normal ranges [1] . Consequently, monitoring of these parameters in neurocritical care is indicated.
Nowadays, ICP is routinely monitored in patients with severe TBI, and CPP is calculated as the difference between mean arterial blood pressure and ICP. The revised Guidelines for the Management of Severe TBI advocate (class III evidence) monitoring of cerebral oxygenation by jugular oximetry or measurement of brain tissue oxygen pressure via a parenchymal probe [2] . Jugular oximetry provides a more global estimate of oxygen extraction by the brain, whilst brain tissue oxygen monitoring represents a very local measurement, averaging the oxygen tension in a relatively small volume of tissue. Both techniques are widely accepted in clinical practice [3] and support management in TBI, but carry the disadvantage of being invasive [4] . More ideal would be noninvasive measurements of cerebral oxygenation. In this regard, near-infrared spectroscopy (NIRS) offers hope.
Basically, in NIRS, light generated at specific wavelengths is transmitted through the scalp into the brain, and changes in the light attenuation at the receiving end of the reflected (or transmitted) light are converted via a computer algorithm into changes in chromophore concentration [5] . As light within the visible spectrum does not penetrate tissue more than approximately 1 cm, wavelengths in the near-infrared region between 650 and 900 nm are used, permitting deeper penetration. Within these ranges, oxyhemoglobin (HbO 2 ), deoxyhemoglobin (Hb), and oxidized cytochrome oxidase (CytOx) have characteristic absorption spectra [6] . In contrast to pulse oximetry, in which only the arterial component is considered, NIRS captures an average of the arterial, capillary, and venous compartments. Various assumptions are made in the calculation algorithm of cerebral oxygen saturation with NIRS, which may not always be valid, and uncertainty exists regarding whether NIRS, as claimed, mainly measures the intracranial compartment or also the extracranial compartment. Translation of NIRS systems and methods into the clinical field requires an understanding of the physiologic basis of the measured NIRS signals, and unfortunately some uncertainly still remains.
Dunn et al.
[7] studied NIRS to evaluate cerebral oxygenation status and adequacy. They concluded that determination of accurate reference ranges for normal subjects or ischemic thresholds is not easy. One reason for this might be the significant baseline variability of NIRS: the ''normal'' range varies between 60% and 75%, with a coefficient of variation for absolute baseline values of almost 10%. Moreover, the lack of standardization of currently available NIRS devices also contributes to the difficulty in defining thresholds.
The main clinical applications are in neonatology [8, 9] , in which case the head can be transilluminated, and in coronary or carotid artery surgery [10] [11] [12] [13] [14] [15] [16] [17] [18] . Few studies have been published on use of NIRS in TBI [19, 20] , and the technique has not yet been convincingly validated for the indication TBI by comparison with other measures of cerebral oxygenation. Recently, Kim et al. [19] compared continuous bedside NIRS/diffuse correlation spectroscopy (DCS) with xenon computed tomography (XeCT) measurements in a small cohort of neurocritical patients (aneurysmal subarachnoid hemorrhage, TBI, and ischemic stroke) in whom interventions aimed at altering cerebral blood flow (CBF) were applied. Regional CBF measured with DCS correlated with CBF measured by XeCT in coregistered spatial regions of the injured brain, and correlations were found between CBF measured by both techniques and NIRS parameters.
In this issue of Intensive Care Medicine, Leal-Noval et al. [21] report on a well-conducted prospective observational study investigating the relation between noninvasive regional transcranial oxygen saturation (rSO 2 ) obtained by NIRS technique and invasive measurements of brain tissue oxygen tension (PbrO 2 ), performed with the Licox device, in 22 patients with severe TBI over a 16 h monitoring period. Although a significant relation between rSO 2 and PbrO 2 was confirmed, the authors report low accuracy for detecting episodes of moderate cerebral hypoxia, as defined by PbrO 2 B15 mmHg. Higher sensitivity and specificity was found at a cutoff value for PbrO 2 of 12 mmHg, representing more severe cerebral hypoxia. These observations cast further doubts on the potential applicability of NIRS for the indication TBI. It should be recognized, however, that both techniques measure different parameters and that PbrO 2 measurements cannot be considered the gold standard for monitoring cerebral oxygenation. NIRS, in principle, measures in the intravascular compartment of the arterial, capillary, and venous beds as it focuses on the chromophores oxyhemoglobin and deoxyhemoglobin. PbrO 2 is a measure in the tissue and, in addition to intravascular factors, the diameter of capillaries and diffusion through the tissue are relevant factors contributing to the measured values. Thus, PbrO 2 may be more sensitive to tissue hypoxia caused by restricted diffusion due to edema, a particular problem in TBI. A limitation of PbrO 2 measurements is that they only capture a small volume of tissue, and results obtained may not be representative of more global oxygenation. The conclusion by the authors that NIRS does not accurately reflect cerebral oxygenation as measured by PbrO 2 and should not be considered a substitute for routine PbrO 2 monitoring is therefore appropriate.
Whether NIRS has added value or even any value in TBI cannot be directly answered based on this study. Of concern is that 45% of the original sample size of 56 patients were excluded for reasons specific to TBI or the technology: frontal hematoma, wounds on either the scalp or forehead, or deficient NIRS signal. Subcutaneous swelling or wounds on scalp and forehead are common in TBI patients. Intracranial lesions and/or recent surgery would further prohibit use of the technique. Uncertainty also exists regarding how traumatic subarachnoid hemorrhage may confound the signal.
These factors, specific to TBI, set this disease aside with regard to the applicability of NIRS from other more controlled conditions such as extracranial vascular surgery. A technique that, in TBI, may not be applicable in nearly half of patients would seem of limited value.
A relative weakness of the study by Leal-Noval et al. is that they did not attempt to identify the cause of episodes of low PbrO 2 . This would have been of interest with regard to the relative contribution of systemic and intracranial causes, specifically directed at the question of whether NIRS detection may be limited to systemic events which could also influence the extracranial compartment. Again, this sets TBI aside from NIRS measurements in extracranial vascular surgery, in which indication all events have a systemic nature. Murkin et al. [22] , in a randomized blinded study on 200 patients undergoing coronary bypass surgery, found that monitoring cerebral rSO 2 by NIRS permitted earlier detection and treatment of systemic events causing cerebral desaturation. Fewer incidence of major organ dysfunction were found, and duration of intensive care unit (ICU) stay was shorter in the intervention group. The most frequent interventions in this study were increasing mean arterial blood pressure, increasing pump flow, and correction of hypocapnia. Concerns regarding the relative contributions of the extracranial and intracranial compartments to the NIRS signal may be less relevant here. Lam et al. [23] , in a study on patients undergoing carotid endoarteriectomy in which sequential clamping of the external and internal carotid artery was performed, found a substantial contribution of the external circulation to the NIRS signal.
Kirkpatrick et al. [24] proposed to adjust for the extracranial contribution by monitoring skin blood flow changes by flowmetry. Further advances in NIRS technology by applying spatially resolved spectroscopy and calculation of the Tissue Oxygen Index have been reported to better target the intracranial compartment [25] . Whether this also holds for TBI is unknown. These approaches were, however, not used in the study by LealNoval et al.
In summary, the study by Leal-Noval et al. strengthens the opinion that NIRS technology may have potential but is not yet ready for routine clinical use for the indication TBI. Technological advances offer hope, and further clinical research should be encouraged. As Alexandre Dumas wrote in The Count of Monte Cristo: ''All human wisdom is summed up in these two words: wait and hope.'' We can modify and actualize this sentence for the NIRS dilemma in TBI as ''wait and hope along with research.''
